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Glycemic Control in Pediatric Type 1 Diabetes: Role of
Caregiver Literacy

WHAT’S KNOWN ON THIS SUBJECT: Literature indicates that
literacy of caregivers/patients plays a part in the quality of care
given, which in turn affects outcomes in individuals with a
chronic illness.

WHAT THIS STUDY ADDS: This study shows that lack of basic
numerical skills of caregivers has a detrimental effect on
glycemic control of the child with type 1 diabetes in their care.
The NVS seems to be an effective screening tool in this
population.

abstract
OBJECTIVE: Poorly controlled diabetes may occur because caregivers
of children with type 1 diabetes fail to comprehend provided diabetes
education. We hypothesized that poorly controlled diabetes is associ-
ated with lower literacy/numerical skills of caregivers of children with
type 1 diabetes.

METHODS: Primary caregivers were evaluated by using Newest Vital
Sign (NVS) and a sociodemographic questionnaire. The NVS identifies
individuals who are at risk for low health literacy bymeasuring general
literacy/numeracy skills and yields an overall estimate of health liter-
acy. The NVS scores are interpreted to suggest inadequate, limited, or
adequate literacy.

RESULTS: Two hundred caregivers of children who had type 1 diabetes
with mean hemoglobin A1c (HbA1c) of 8.8 � 1.9%, age of 11.8 � 3.7
years, duration of disease of 4.8 � 3.3 years, and BMI of 20.8 � 4.4
kg/m2 participated. HbA1c in those of inadequate literacy (10.4� 2.2%)
was significantly higher than in those of adequate literacy (8.6� 1.7%;
P� .001). HbA1c in those whose caregivers had limited literacy (9.5�
2.2%) did not differ significantly from the other 2 groups. On adjusting
for independent covariates, we found that children whose caregivers
had at least 50% correct math answers had better glycemic control
(8.5� 1.7%) than those who failed (9.8� 2.1%; P� .0005).

CONCLUSIONS: Literacy and numerical skills of caregivers signifi-
cantly influence glycemic control of their children with type 1 diabetes.
Assessing literacy/numeracy skills of caregivers and addressing these
deficiencies may be crucial in optimizing glycemic control. Pediatrics
2010;125:e1104–e1108
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Diabetes is a global epidemic with a
prevalence of 171 million in 2000 that
is projected to increase to 366 million
by 2030.1 Increased prevalence and a
burgeoning cost of care make prudent
effective communication between pa-
tients and health care providers.3 This
can be achieved by diabetes education,
geared to empower the patient with
self-management skills.4,5 Patients and
families are expected to understand
and implement dietary changes, which
includes calculating the child’s insulin
dose on the basis of carbohydrate
counting.6 Mathematic skill is required
to calculate supplemental insulin to
achieve glucose concentration in the
target blood glucose range, but those
with limited literacy are challenged by
the printedword andmay have difficul-
ties with writing, speaking, listening,
numeracy skills, and conceptual
knowledge.7 To follow dietary recom-
mendations, it becomes important
that caregivers of patients with a
chronic disease such as diabetes un-
derstand nutrition labels.8 In a study of
200 adult primary care patients, Roth-
man et al8 demonstrated that poor la-
bel comprehension was highly corre-
lated with low-level literacy and
numeracy skills. These inadequacies
may result in inaccuracies of carbohy-
drate counting and calculation of insu-
lin doses, which may contribute to
worsening glycemic control in the
child.

The National Adult Literacy Survey of
19929 and the National Assessment of
Adult Literacy of 200310 measured
prose, document, and quantitative lit-
eracy of adults. A staggering 40 to 44
million adults in the United States have
rudimentary literacy skills and are un-
able to understand written materials
that require basic reading proficien-
cy11; therefore, teaching and adher-
ing to diabetes self-management is
challenging for these individuals. It
is unknown whether these adults are

adequately skilled to attend to the
tasks required to manage a child
with diabetes.

In a study of adult patients with type 2
diabetes, diabetes knowledge deficits
significantly correlated with literacy
and glycemic control.12 Understanding
literacy and its effects on diabetes
management will allow for better pa-
tient education. To achieve optimal glu-
cose control, families need to compre-
hend and, at a minimum, implement
dietary changes, accurately calculate
insulin doses, and self-administer in-
sulin. The effect of literacy on the out-
comes of chronic diseases in adults
with diabetes is under investigation. In
children with diabetes, despite many
factors that may influence glycemic
control,13–15 the question of caregiver
literacy on outcome of children with
diabetes is scarcely reported. In this
study, we hypothesized that inade-
quate literacy in primary caregivers
would influence glycemic control of
the child with diabetes for whom they
care.

METHODS

This cross-sectional study was con-
ducted in the diabetes clinic of Texas
Children’s Hospital after receiving ap-
proval from the institutional review
board of Baylor College of Medicine.

Participants

Families of patients with type 1 diabe-
tes were approached to participate
during their regularly scheduled
follow-up visits. Patients had to have
had type 1 diabetes for at least 1 year.
Caregivers spoke either English or
Spanish and had no documentation of
a learning disability. Participation in
this study was voluntary. The health
care provider discussed the study with
the family and administered the New-
est Vital Sign (NVS) tool to the parent/
primary caregiver. The primary care-
giver was asked questions regarding

annual household income and formal
education. Vital signs, hemoglobin A1c
(HbA1c), and information on insulin
regimen were gathered from the pa-
tients’ records.

Literacy Assessment

The NVS, a bilingual (English and Span-
ish) screening tool, identifies patients
who are at risk for low health literacy.
It was validated by Weiss et al16 as a
suitable quick screening test for lim-
ited literacy in health care settings.
This tool assesses general literacy and
numeracy skills as applied to health
information, yielding an overall esti-
mate of health literacy.

The NVS is based on a nutrition label
from an ice cream container. Caregiv-
ers were given the label and then
asked 6 questions on interpretation
and action on the information con-
tained on the label. Caregivers re-
tained the label so that they could re-
fer to it while answering questions.
Caregivers reviewed the label as they
were asked the questions. The ques-
tions were asked orally, and the re-
sponses were recorded by a health
care provider on a score sheet that
contained the correct answers. On the
basis of the number of correct re-
sponses, the health care provider as-
sessed the patient’s health literacy. Ad-
ministration time was �3 minutes. A
score of 0 to 1 suggests a high likeli-
hood (�50%) of limited literacy, 2 to 3
suggests the possibility of limited liter-
acy, and 4 to 6 almost always indicates
adequate literacy.

Of the 6 questions, 4 questions tested
one’s basic mathematic skills. We ex-
amined the relationship of math scores
with HbA1c with cutoffs at 4 of 4 correct
answers and at�3 correct answers.

Annual household income was grouped
on the basis of the US Census Bureau
of 2006 as follows: less than $22 500,
between $22 500 and $77 500, and
more than $77 500. The highest level of
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education completed by the primary
caregiver was classified as well-
educated (obtained a bachelor’s de-
gree or higher), moderately educated
(obtained a high school diploma or
general equivalency diploma or at-
tended 1 year of college or received
some specialized training), or poorly
educated (completed grade 11 or less).

Statistical Analysis

Multivariate analysis was conducted
to study the relationship between liter-
acy of caregiver and glycemic control
of the child with HbA1c as the depen-
dent variable and literacy, race, lan-
guage, income, and education as inde-
pendent variables. This model was
also tested for interactions between
literacy and these confounders. A
backward stepwise elimination tech-
nique (manually controlled) was used
to remove interactions sequentially,
beginning with the most insignificant,
until all insignificant factors were re-
moved. Estimated marginal HbA1c
means were obtained for the literacy
groups, with Bonferroni adjustment of
confidence interval posttest. In the
same manner, another model was
used to test for the relationship be-
tween math skills and HbA1c. Analysis
of variance with Tukey’s posthoc was
used to determine the difference in the
means of HbA1c, age, duration of dis-
ease, and BMI among the 3 literacy
groups. The data are expressed as
means � SD unless otherwise indi-
cated. Significance was considered at
P � .05. Data were analyzed by using
the advanced model of SPSS 17.0
(SPSS Inc, Chicago, IL). Figures were
obtained using GraphPad Prism 5
(GraphPad, San Diego, CA).

RESULTS

Two hundred families with children
who had type 1 diabetes volunteered to
participate in this study. Of this cohort
of 106 girls and 94 boys, 180 families
were fluent in the English language

and 20 communicated in Spanish only.
This cohort was characterized by the
mean HbA1c of 8.8 � 1.9%, age of
11.8� 3.7 years, duration of disease of
4.8� 3.3 years, and BMI of 20.8� 4.4
kg/m2. Table 1 presents the sociode-
mographic distribution (as a percent-
age of the total) and Table 2 the mean
characteristics of the cohort across
the 3 literacy groups.

A significant relationship was seen be-
tween the level of literacy and HbA1c.
Whenmath scoreswere examined sep-
arately, a significant relationship
emerged between math skills and gly-
cemic control (Fig 1). Controlling for
race, language, income, and educa-
tion, multivariate analysis revealed

that literacy was related to glycemic
control (P � .004, R2 � 0.23), and no
interaction with confounders was
noted. In a separate multivariate anal-
ysis, math skills had a significant effect
on glycemic control (P � .02, R2 �
0.25); however, on controlling for inde-
pendent confounders, a significant in-
teraction between math and income
(P� .01) was found.

Twenty-nine (14.5%) caregivers did not
disclose their annual household in-
come. Of those who did, 20.5% were in
the lowest income bracket, 28.1%were
in the intermediate bracket, and 51.5%
were in the highest income group.
HbA1c was significantly lower in those
with moderate versus low income

TABLE 1 Sample Distribution Among the Literacy Groups (N� 200)

Parameter Literacy

Limited Possibly Limited Adequate

Patient gender
Female (53.0%) 3.5 6.5 43.0
Male (47.0%) 4.0 3.5 39.5
Race
White (62.5%) 1.5 1.5 59.5
Black (18.0%) 3.5 4.0 10.5
Hispanic (17.0%) 2.5 4.5 10.0
Other (2.5%) 0.0 0.0 2.5
Language
English (90.0%) 5.5 7.0 77.5
Spanish (10.0%) 2.0 3.0 5.0

Insulin regimen
IIM (54.0%) 4.5 5.5 44.0
Insulin pump (26.5%) 0.5 0.0 26.0
Income

�$22 500 (20.4%) 2.9 5.3 12.3
$22 500–$77 500 (28.0%) 1.2 2.3 24.6
�$77 500 (51.6%) 1.8 1.8 48.0
Education
Bachelor’s degree or higher (45.6%) 0.0 1.7 43.9
HSD, GED, specialized training (41.6%) 3.9 3.3 34.4
�Grade 11 (12.8%) 2.2 5.0 5.6

IIM indicates intensive insulin management, HSD, high school diploma, GED, general equivalency diploma.

TABLE 2 Mean Characteristics of the Children With Type 1 Diabetes Within the Literacy Groups

Characteristic Literacy Between
Groups, P

Limited
(n� 15)

Possibly Limited
(n� 20)

Adequate
(n� 165)

HbA1c (%) 10.4� 2.2 9.5� 2.2 8.6� 1.7 �.0005
Age, y 11.5� 4.1 12.0� 3.8 11.8� 3.7 �.9500
Duration, y 4.3� 3.5 4.3� 3.2 4.9� 3.3 �.6400
BMI (kg/m2) 22.0� 4.6 21.0� 4.3 21.0� 4.5 �.5900

Data are means� SD. Comparing HbA1c between the individual literacy groups shows limited versus adequate at P� .001,
limited versus possibly limited at P� .1, and possibly limited versus adequate at P� .3.
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(8.8� 1.5% vs 9.8� 2.3%; P� .02). The
difference in HbA1c between the high
and low income groupswas significant
at 8.3 � 1.6% vs 9.8 � 2.3% (P �
.0005). Glycemic control of the
moderate- and high-income groups did
not differ significantly (P� .3).

Twenty (10%) caregivers chose not to
state the level of formal education
completed. Of the others, 12.8% were
poorly educated, 41.7% were moder-
ately schooled, and 45.6% had received
a bachelor’s degree or higher. Glyce-
mic control in the children of degree
holderswas 8.4� 1.7%, whichwas sig-
nificantly lower than that of children of
those with moderate education (9.1�
2%; P� .03) and of that of children of
those with poor education (9.5� 1.9%;
P� .02). Glycemic control was similar
between themoderately and poorly ed-
ucated families (P� .7).

DISCUSSION

Ross et al17 demonstrated that paren-
tal intelligence seemed to influence
glycemic control significantly in a child
with type 1 diabetes as opposed to
child’s test scores. With this study, we
continue to examine the relationship
between the literacy/numeracy skills
of the primary caregiver and the glyce-
mic control of children with type 1 dia-
betes for whom they care. Our study
suggests that literacy of caregivers
seems to affect significantly the glyce-
mic control of children with diabetes.

This is probably because of the role
that literacy plays in learning diabe-
tes self-management. Moreover, this
study suggests that literacy is associ-
ated with better glycemic control. A
previous study demonstrated that
greater diabetes knowledge of care-
givers is associated with better glyce-
mic control.18 Hence, assessing liter-
acy of caregivers at onset may allow
for targeted improvement in glycemic
control by use of grade-appropriate
material and language by diabetes ed-
ucators and health care providers.19

Arithmetic is an integral part of litera-
cy.20 Diabetes management requires
basic mathematic skills. Inability of
caregivers to subtract and add accu-
rately and understand percentages
limits their ability to count carbohy-
drates and calculate optimal insulin
doses accurately. Evaluation of re-
sponses that required basic math-
ematic skills revealed a significant asso-
ciation between low skills and poorer
glycemic control. In this assessment, we
were limited by the inability to separate
language inadequacies from purely
math skill deficiencies because the
mathematic questions in the NVS are
wordy and not yet validated separately
for math skills. Because of the simplic-
ity of the test, it can be a used as a
rapid screening tool to establish defi-
cits; therefore, math questions were
examined separately. A recent study of

adult patients with diabetes concluded
that poor numeracy skills were com-
mon in these patients.21 An additional
inference of that study was that defi-
cient diabetes-related numeracy
skills were associated with worse
perceived self-efficacy, fewer self-
management behaviors, and possibly
poorer glycemic control.21 The perfor-
mance of the caregivers in our study
may be reflective of previous findings
that the participating adults, even
highly educated ones, had difficulty
with relatively simple numeracy
questions.22 This further reinforces
the need to assess caregivers’ liter-
acy and numeracy skills before mak-
ing dietary recommendations8 and
using grade appropriate diabetes
education material.19

The limitations of this study are that it
was a single-site study and that the
ethnic distribution was neither equal
nor representative. Other unequal dis-
tributions were present among the ed-
ucation and income groups. We also
had far fewer Spanish- than English-
speaking participants. The unequal
ethnic participation is representative
of the population seen at our center,
which results in far fewer Spanish
than English speakers. Furthermore,
those who are less educated and of
lower income are less likely to access
outpatient health care.23 The voluntary
nature of this study may have pre-
cluded participation of the less literate
individuals, who often harbor a deep
sense of shame over their reading in-
adequacies.23 We did not assess family
structure and its impact on glycemic
control, but it is well established that
children of 2-parent families have sig-
nificantly better glycemic control than
those of a single-parent home.18,24

Varying degrees of interactions be-
tween literacy, income, and education
contributed to glycemic control. A sig-
nificant and independent relationship
between literacy and glycemic control

FIGURE 1
Bar graph of math skills versus glycemic control.
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was seen after controlling for these in-
teractions, yet we cannot overlook that
limited literacy is associated with be-
ing poor, having had less formal edu-
cation, and belonging to a minority ra-

cial or ethnic group.9 The onus lies with
the providers and educators to be cog-
nizant of these effects. It may be pru-
dent to establish the literacy and nu-
meracy skills of primary caregivers of

children with type 1 diabetes so that
culture-appropriate measures25 can
be taken to maximize the benefits of
diabetes education if optimal glycemic
control is to be achieved.

REFERENCES

1. Wild S, Roglic G, Green A, Sicree R, King H.
Global prevalence of diabetes: estimates
for the year 2000 and projections for 2030.
Diabetes Care. 2004;27(5):1047–1053

2. Hogan P, Dall T, Nikolov P. Economic costs of
diabetes in the US in 2002. Diabetes Care.
2003;26(3):917–932

3. Schillinger D, Piette J, Grumbach K, et al.
Closing the loop: physician communication
with diabetic patients who have low health
literacy. Arch Intern Med. 2003;163(1):
83–90

4. AADE position statement: individualization
of diabetes education and management.
Diabetes Educ. 1995;21(2):105–106

5. National Standards for Diabetes Self-
Management Education Programs and
American Diabetes Association review cri-
teria. Diabetes Care. 1995;18(5):737–741

6. Mensing C, Boucher J, Cypress M, et al. Na-
tional standards for diabetes self-management
education. Diabetes Care. 2007;30(suppl 1):
S96–S103

7. National Network of Libraries of Medicine.
Health Literacy. July 2006. Available at:
http://nnlm.gov/outreach/consumer/hlthlit.
html. Accessed February 3, 2010

8. Rothman RL, Malone R, Bryant B, et al. The
Spoken Knowledge in Low Literacy in Diabe-
tes scale: a diabetes knowledge scale for
vulnerable patients. Diabetes Educ. 2005;
31(2):215–224

9. Kirsch I, Jungeblut A, Jenkins L, Kolstad A.
Adult Literacy in America: A First Look at the
Findings of the National Adult Literacy Sur-
vey. Washington, DC: National Center for Ed-

ucation Statistics, US Department of
Education; 2002. NCES 1993–275

10. Kutner M. A First Look at the Literacy of
America’s Adults in the 21st Century. Wash-
ington, DC: National Center for Education
Statistics, US Department of Education;
2005. NCES 2006–470

11. Communicating with patients who have lim-
ited literacy skills: report of the National
Work Group on Literacy and Health. J Fam
Pract. 1998;46(2):168–176

12. Rothman RL, Housam R, Weiss H, et al. Pa-
tient understanding of food labels: the role
of literacy and numeracy. Am J Prev Med.
2006;31(5):391–398

13. Cameron FJ, Skinner TC, de Beaufort CE, et
al. Are family factors universally related to
metabolic outcomes in adolescents with
type 1 diabetes? Diabet Med. 2008;25(4):
463–468

14. Rosilio M, Cotton JB, Wieliczko MC, et al. Fac-
tors associated with glycemic control: a
cross-sectional nationwide study in 2,579
French children with type 1 diabetes. The
French Pediatric Diabetes Group. Diabetes
Care. 1998;21(7):1146–1153

15. Tubiana-Rufi N, Moret L, Czernichow P,
Chwalow J. Risk factors for poor glycemic
control in diabetic children in France. Dia-
betes Care. 1995;18(11):1479–1482

16. Weiss BD, Mays MZ, Martz W, et al. Quick
assessment of literacy in primary care: the
newest vital sign. Ann Fam Med. 2005;3(6):
514–522

17. Ross LA, Frier BM, Kelnar CJ, Deary IJ. Child
and parental mental ability and glycaemic

control in children with type 1 diabetes. Dia-
bet Med. 2001;18(5):364–369

18. Stallwood L. Relationship between care-
giver knowledge and socioeconomic fac-
tors on glycemic outcomes of young chil-
dren with diabetes. J Spec Pediatr Nurs.
2006;11(3):158–165

19. Overland JE, Hoskins PL, McGill MJ, Yue DK.
Low literacy: a problem in diabetes educa-
tion. Diabet Med. 1993;10(9):847–850

20. Institute of Medicine. Health Literacy: A
Prescription to End Confusion. Washing-
ton, DC: National Academy of Sciences;
2004

21. Cavanaugh K, Huizinga MM, Wallston KA, et
al. Association of numeracy and diabetes
control. Ann Intern Med. 2008;148(10):
737–746

22. Lipkus IM, Samsa G, Rimer BK. General per-
formance on a numeracy scale among
highly educated samples. Med Decis Mak-
ing. 2001;21(1):37–44

23. Andrus MR, Roth MT. Health literacy: a re-
view. Pharmacotherapy. 2002;22(3):
282–302

24. Levine BS, Anderson BJ, Butler DA, Antisdel
JE, Brackett J, Laffel LM. Predictors of glyce-
mic control and short-term adverse out-
comes in youth with type 1 diabetes. J Pedi-
atr. 2001;139(2):197–203

25. Georges CA, Bolton LB, Bennett C. Functional
health literacy: an issue in African-
American and other ethnic and racial com-
munities. J Natl Black Nurses Assoc. 2004;
15(1):1–4

e1108 HASSAN and HEPTULLA
. Provided by Natl Inst Of Hlth Library on May 17, 2010 www.pediatrics.orgDownloaded from 

http://www.pediatrics.org


DOI: 10.1542/peds.2009-1486 
 2010;125;e1104-e1108; originally published online Apr 5, 2010; Pediatrics

Krishnavathana Hassan and Rubina A. Heptulla 
 Glycemic Control in Pediatric Type 1 Diabetes: Role of Caregiver Literacy

 & Services
Updated Information

 http://www.pediatrics.org/cgi/content/full/125/5/e1104
including high-resolution figures, can be found at: 

 References

 http://www.pediatrics.org/cgi/content/full/125/5/e1104#BIBL
at: 
This article cites 21 articles, 11 of which you can access for free

 Permissions & Licensing

 http://www.pediatrics.org/misc/Permissions.shtml
tables) or in its entirety can be found online at: 
Information about reproducing this article in parts (figures,

 Reprints
 http://www.pediatrics.org/misc/reprints.shtml

Information about ordering reprints can be found online: 

. Provided by Natl Inst Of Hlth Library on May 17, 2010 www.pediatrics.orgDownloaded from 

http://www.pediatrics.org/cgi/content/full/125/5/e1104
http://www.pediatrics.org/cgi/content/full/125/5/e1104#BIBL
http://www.pediatrics.org/misc/Permissions.shtml
http://www.pediatrics.org/misc/reprints.shtml
http://www.pediatrics.org

